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Foreword 


The attached material represents the working papers from the 
OAST Space Theme Workshop held at the Langley Research Center* 
April 26-30* 1976* and contains a quick-look analysis of the 
proceedings. The material is unedited and intended for further 
use by the participants of the workshop and the planning elements of 
NASA concerned with space mission research and technology. It 
should be understood that the data do not represent official plans 
or positions but are part of the process of evolving such plans and 
positions. 

Nearly 100 of the Agency's top technologists and scientists joined 
with another 35 theme specialists to produce this working document - 
a document that provides a technical foundation, including research 
and technology base candidates, for each of the six space themes. 

The material in this report is considered essential to the development 
of Center initiatives in support of these themes. Copies of the report 
will be made available to the Center Management Board and the 
individuals at the Centers responsible for the FY'78 program planning 
cycle. The timing of this planning activity has caused us to distribute 
this document in this unedited form. Thus* it possibly contains errors* 
hopefully, more of a typographical rather than a technological nature. 
Nonetheless* the information contained is of a high professional level* 
reflecting the efforts of the workshop participants and will be invaluable 
to the planning and successful execution of the Agency's near- and far- 
term advanced technology program. 


Stanley R, Sadin 
OAST Space Theme Workshop 
Chairman 

NASA Headquarters 
Study* Analysis* & Planning Office 
Office of Aeronautics and 
Space Technology 








VOLUME III 
I -A STATEMENT 


NAVIGATION, GUIDANCE. AND CONTROL 

The results of the Workshop indicate that the themes have many 
common navigation guidance and control needs. All the earth orbit 
themes have a strong requirement for attitude, figure and stabilization 
control of large space structures, a requirement not currently being 
supported. All but the space transportation theme have need for 
precision pointing of spacecraft and instruments. In addition all the 
themes have requirements for increasing autonomous operations for such 
activities as spacecraft and experiment operations, onboard mission 
modification, rendezvous and docking, spacecraft assembly and maintenance, 
navigation and guidance, and self -checkout, test and repair. 

It is clear that major new efforts are required to conceptualize 
new approaches to large space antennas and arrays that are lightweight, 
ready deployable and capable of precise attitude and figure control. 
Conventional approaches offer little hope of meeting these requirements. 
Similarly, it is also apparent that the time has come to move from 
conceptual machine intelligence to applications. Increasing autonomy 
in the space program has great potential for reducing costs and ground 
support requirements and increasing mission return. 
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Some of the Functions That Can Benefit From Increasino 
Automation or Autonomous Operations 

® Orbit Ch2uiges 
^ Experiment Pointing 
^ Experiment Control 
® Manipulation 

° Data Evaluation and Reduction 
® Telemetry Control 
® Housekeeping Functions 
° Locomotion Control 
° Collision Avoidance 
° Navigation and Guidance 
o Attitude and Figure Control 
o Payload Servicing, Repair or Retrieval 
° Assembly of Large Structures 
° Checkout /Status 

° Mission Planning (Preflight and Real Time) 
o Failure Detection and Reconfiguration 
° Control of .Consumables 
o Rendezvous and Docking 
® Entry and Landing 
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N. G & C NEW INITIATIVES 


1. Advanced 6&C components for S.T.S. including: CCD STAR 

TRACKERS. ELECTRO-MECHANICAL ACTUATORS & SENSORS FOR 
AUTO-RENDEZVOUS and Docking. 

2. Science Platform Precision Pointing and Tracking System 
for non-inertial targets. 

3. Experiment Isolation and Pointing System. 

4. A dexterous manipulator for remote man-controlled assembly 
and servicing. 

5. Control systems for Altitude and Figure Control of Large 
Deformable Structures. 

6. Systems and Components for Autonomous Rendezvous and Docking. 

7. Low Thrust Guidance and Navigation Program. 

8. Space Teleoperator Experiment (STEV) Free Flying Modular 
Instrument Pointing Technology Laboratory. 

9. Design Technology for Digital Control Systems. 

10. Sensor development for inertial pointing. 

11. Extended body Tracker Technology. 

12. Correlation Landmark Tracker Technology. 

13. Autonomous Guidance and Navigation FI i ght/Ground Demonstrati on . 

14. Autonomous Mission Operations Sequencing & Control. 

15. Dynamics and Control of Unmanned Planetary Entry and Landing 
Vehicles . 
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NAVIGATION. GUIDANCE AND CONTROL 


KEY ISSUES 


A large structure control 

• INTEGRATED STRUCTURE/CONTROL SOLUTIONS 

• SENSUR/ACTUATOR/ANALYSIS CAPABILITIES 

A INSTRUMENT POINTING 

• SENSORS/TRACKERS/MOUNTS 

• ANALYSIS AND SIMULATION CAPABILITIES 
t TRACKING SYSTEMS 

A AUTONOMOUS SYSTEMS 

• NAVIGATION AND GUIDANCE 

• ROBOTICS 

• RENDEZVOUS AND DOCKING 

• STATION KEEPING 
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iII-I-A-5 



RSSa'RCE SUMMARY 


NAVIGATION. GUIDANCE, AND CONTROL 


I. NAVIGATION AND GUIDANCE DISCIPLINE CATEGORY 
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I 2. POINTING AND CONTROL 
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RESOURCE SUMMARY 


navigation, guidance, and control 

II. POINTING AND CONTROL DISCIPLINE CATEGORY 
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I 3. AUTOMATION | 

1990 



FISCAL YEAR NASA HQRE76 727C{1) 

2 17 76 
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RESOURCE SUhy-lARY 


NAVIGATION, GUIDANCE. AND CONTROL 
III. AUTOMATION DISCIPLINE CATEGORY 
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RESgtRCE SUMMARY 

NAVIGATION, GUIDANCE, AND CONTROL 
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NAVIGATION, GUIDANCE AND CONTROL 
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OF ART i THEUHT reSTCU BY PHYSICAl EXPERIMENT OR 6 MOOEE TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL T. MODEL TESTED IN SPACE ENVIRONMENT 

4 PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 


1. TITLE Autonomous Guidance and Control 
PE-IaUNOH VFHJf.tJ-S 


FORM NO. I 
PAGE 1 OF 

wo. 12 I El /I 

THEME /W.G./ TASK 
DATE 4 / 28 / 76 


2. OBJECTIVE 


-la-MIMIMIZE OR El.lMINATF THF NEC£.S&ITY-£OR- 

fTDArL^IWC . rnMMIIMtrATTftM') COriM t TCT-ftCC TA 

GROUND SUPPORT 

ORBIT IN«FRTI«N 




3. NEED ANALYSIS 

a) LEVEL NOW 0], WILL BE LEVEL [3 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [3 FOR OPERATIONAL SYSTEM USE BY IpATEi^gg^ 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM 0 LOW Q 

dICRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q MEDIUM 0 LOW □ 

e) TASKS NEEDED; STUDY Q ANALYSIS [3 RESEARCH □ 

GRDTEStQ AIR CRAFT TEST □ SPACE FLIGHT TEST (3 
OTHER (Specify) □ (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY DaTA PROCESSING HARDWARE x GUIDANCE AND 

£qnirql-.Sqeimabe 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

t,PB£CISmN. NAVIGATION SYSTEMS WITH PRECISION. fifiOUND. 

— ALI GNMENl.. CAPAB I U TY 

A.RAPia. ONBOARD OBBlT.J/EB.I£ICAnON...TECHNIQUES 



SPACE TECHNOLOGY NEED 

FORM NO. 1 


PAGE 2 OF 



6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 



FOR RAPID ORBIT VERIFICATION, 



7. ALTERNATIVE APPROACHES/OPTIONS 
FOR TRAJECTORY STATUS. RANGE SAFETY. 



8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 



9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


KEVlfeY 
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LEVEL 1. BASIC rHEHQMENAOBSEIIVEO AND REPORTED S COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY EORMULATEO TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR B MODEL TESTED IN AIRCRAFT ENVIRONMENT 

mathematical model 7. MODEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED FORM NO. I 


PAGE 1 OF 


1 TITLE Koving veni Cl es, iamp^e Selection/ no! .8.10/E-1/2 

AMUlsItlOn THEME /W.G./ TASK 

DATE^ /2fi /ifi 

^t^^vefoD^rovinq vehicles for suDDOrt of sample analvsis and/or sample 
Teturn missions and for general survev. Also rovers for maintenance and 

service of lunar or other bases. 

3. NEED ANALYSIS 

a) LEVEL NOW 0, WILL BE LEVEL Qi UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL Hi FOR OPERATIONAL SYSTEM USE BY loATE: '1990 1 

c) RISK IN ACHIEVING ADVANCEMENT; 

HIGH □ MEDIUM 0 LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING; HIGH Q MEDIUM Q LOW O 

e) TASKS NEEDED: STUDY Q ANALYSIS 0 RESEARCH 0 

GRDTEStG] A1 R craft TEST □ SPACE FLIGHT TEST Q 

OTHER (Specify) Pn Computer simulation (Check one or more) 

f) R&T BASE CANDIDATE Yes 506-19-32 960K 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Development of advanced self adaptive software 




5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Eve/hand coordination, obstacle avoidance/navigation, hazard avoidance. 

development of dexterous manipulator and sample acquisition, pattern 

recognition/screen analysis, large scale associative memories, multi-channel 

micro processor arrays, development of real time dynamic modeling techniques. 
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SPACE TECHNOLOGY NEED 


Roving Vehicles, Sample Selection/Acquisiti on no._1 

THEME /W.G./ TASK 

DATE 4 / 26 / 76 


FORM NO. I 
PAGE 2 OF 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Exoand existing developmant programs to Include sanple selection 


acquisition capability extend software development activity. 


7. ALTERNATIVE APPROACHES/OPTIONS Astronau ts 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
Robotics /Teleoperator Development at JPL 


RTOPS 186-68-55, 506-19-32 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


Hardware/Software 


Development 


Field Tests 


Design Refinement 
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LEVEL I BASIC mtHOMENA OBSERVED AND REPORTED i. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY fORMULATED TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 1 THEORY TESTED BY PHYSICAL EXPERIMENT OR 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TESTED IN SPACE ENVIRONMENT 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


/ 

SPACE TECHNOLOGY NEED 

FORM NO. 1 
PAGE 1 OF 

^ 7 ITLE Precision Pointing of Spacecraft and 

Nnl,7,8,9,12/El / 3 

Instruments at Inertially-Fixed Targets 

THEME / W.G. / TASK 

DATP 4 / 28/ 76 


^®4§fiJ:^)£fensive program to provide systems to precisely point spacecraft 

1 or scientific instruments at Inertlally-fixed 

targets. | 




3. NEED ANALYSIS 

a) LEVEL NOW 0, WILL BE LEVEL 0 UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL Q] FOR OPERATIONAL SYSTEM USE BY | DATE; 1990 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM 0 LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS 0 RESEARCH 0 

GRDTEStQ air CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 Computer simulation (Check one or more) 

f) R&T BASE CANDIDATE 506-19-13 150K. 506-19-15 12SK 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Digital control system design techniques, 

microprocessors, CCD arrays. 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

I mplementation of modern control theory algorithms, including; 

Kalman filters and state estimators for multi-input and multi-output 
syst^s 

Adaptive and learning control laws 
Advanced mount technology 

Computer-aided design and simulation techni ques 

Advanced sensor development, including: 

CCu tocai plane sensors 

CCn acqui s i ti on a n d st a r tr a clt e if M — 

Gyros - laser , tuned-rotor, magnetically supported 

Advanced actuator technology 

Co ntr o l o f fl e xibl e b o di e s - coiitiol /l aody interactio n 

V J 



SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF 


title Precision Pointing of Spacecraft and Instruments NO. ^-»T>8,9,12 /e1 / 3 

THEME /W.G./ TASK 


at Inertially-Fixed Targets 


DATE 4 / 28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

A broad based in-house program of analysis, simulation and hardware, 

supplemented with contract activity as required. Laboratory demonstration, 
aircraft testing and space flight testing should all be employed as new 
elements become available. 


7. ALTERNATIVE APPROACHES/OPTIONS NO alternatives exist because current 


technologies will not meet all the requirements for fixed target programs. 


8. CURRENT/PLANNED RELATED ACTIVITIES {RTOP, OTHER) 

RTOP 506-19-13 for advanced S/C and control systems 


M/PTL/EIPS Study for Space Lab Test Capability 977-10-20 Spacelab IPS Dyn anj 
RTOP 506-19-15 Video Inertial Pointing 
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LEVEL I MSIC phenomena OBSERVED AMO REPORTED i COMPONEMT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2. THEORY EORMULATEO TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3. THEORY TESTED BY PHYSICAL EXPERIMENT OR 6 MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 1. MODEL TESTED IN SPACE ENVIRONMENT 

«. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 
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SPACE TECHNOLOGY NEED 



FORM NO. 1 
PAGE 1 OF 

1. TITLE Precision Pointina and Trackina syat«ns 

NOl.2.10.11 / El / 4 

for Non-Inerffal Targets 

THEME / W.G. / TASK 


HATE ^ / 28; 76 


2. OBJECTIVE 

A comprehensive program to provide svsteas irapahip 
and tracking at high rates (.1®/sec.) non-lnertial 

ta rgets . Th 

teuinuii/yy is appiitauie tu planetary ana eartn poTntfng soacecraft and 
platforms. 


3. NEED ANALYSIS 


a) LEVEL NOW D . WILL BE LEVEL (U UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY IdatE: iV90~1 

c) RISK IN ACHIEVING ADVANCEMENT; 

HIGH □ MEDIUM 0 LOW Q 

dl CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING: HIGH Q MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY 0 ANALYSIS O RESEARCH 0 

GRDTEST0 AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 Computer simulation (Check one or more) 

f) R&T BASE CANDIDATE 5 06-19-13,14,15 300K, 150K, lOOK 

4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY improved digital system design techniques, 

CCD array technology, Qiicroprocessor technology. 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Adv anced trackers, including; 

Advanced CCD technology 

Ta rg e t bod y t r a c ki ng al g o ri thas 

Lan dmark tracking algorithms 

PrecTsion actuators. Including: 

M agn efc t e- ou a p e nBiew 

M agnetic bearing reaction wheels 

Flexible vehicle configuration control - including modeling oF~ flexible 

ve hi c l e d y na m i c s in co ntr o l la w s 

Adv anced onboard processors - microcomputers 

High precision real-time orbit determination using the global positioning 

sye^en 

Radiation of sensors and PlectronfM. 
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i SPACE TECHNOLOGY NEED 

FORM NO. I 
PAGE 2 OF 

TITLE Precision Pointing and Tracking Systems for 

HRHBRRRIHBi 

Non- Inertial Targets 

THEME /W.G./ TASK 






8. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
A Broad based in-house Drooram 


as required for hardware development. Hardware demonstrations supported 


and simulation leading to aircraft and spaceflight 


testing as approDriate 


7. ALTERNATIVE APPROACHES/OPTIONS Less total data and more ground 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

5 


technology. 506-19-13 provides magnetic suspension technolo 


Study for Flight Test 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 


Analysis 


Land Work Track 
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LEVEL I. MSiCraEtlOlltMOtSCIIVEOANONmHITEa S. COHKNEfrrOMIlEAOMAIIO TESTED IM MEUVANT 

OF STATE 2. TNEOIY FOmiUtATEO TO OESCAIIE TMEHOMENA ENVIHOHMEHT IN TME LAWMTORV 

OF ART 1. TNEONY TESTED OTFHYSICALEXFEmNENT OH S. MODEL TESTED IN AIHCMFT ENVINOMKNT 

MArHEMATICAl MODEL 7. MODEL TESTED IN STAGE ENVIRONMENT 

«. FERTINENT f UNCHON OH CHAHACTEHISTIC OEMONSTHATED 




SPACE TECHNOLOGY NEED 


1 . title Autonomous Nav1( 


FORM NO. I 
PAGE 1 OF 

NO. 7^ n .9.12/E-1/S 

THEME /W.G./ TASK 

DATE^ /-27/ 76 


2. OBJECTIVE To reduce mission operations costs by utilizing on«board 


systems to perform mission 


3. NEED ANALYSIS 

a) LEVEL NOW 0 . WILL BE LEVEL □ UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY I DATE: 198S~ 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW [T] 

d| CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS 0 RESEARCH □ 

GRDTEStQ air craft TEST □ SPACE FLIGHT TEST Q 
OTHER ISpecifv) Q (Check one or more) 

f) R&T BASE CANDIDATE 


4, COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY On-board navigation ^ensnrs^ SPS rgcelvers^ 

advanced lov thrust propulsion 




MiiJiiVari 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 
e On-board orbit 


sensors or external navigation data services (GPS) 


# Cond)1ned orbit/altitude/sensor control laws and mission objective 


models 


• Advanced user/and altitude communication systems and on-board 


command management 










SPACE TECHNOLOGY NEED 


TITLE 


Autonomous Navigation - Earth Orbiters 


FORM NO. I 
PAGE 2 OF 


NO 7.n.12/E1/5 

THEME /W.G./ TASK 


DATE 4 /27 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Development of combined altltude/orblt/sensor control laws and act ators. 


Development of ml sslon models and command management syste ms utilizing 
minimal ground s upport operations. 


7. ALTERNATIVE APPROACHES/OPTIONS High cost mission operations 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 

310-10-22. 23 RTOP 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


■■■■■■■■■■■■■■■■■■■■ 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 


isiBBBi 












LEVEL • MAsicmiMotiiiiAnastNviuAitoNfroiirtu ^ cumpoment oh ■riaoboamo tfsteo in nuevant 

OF STATE / IHKIRVMIMMUtAIIU rOUESCRIU PHENOMENA (NVIROMMENT IN THE lAIORATONV 

OF ART I IHEUNE TESItURrPHVSlCAl experiment OR S MODEL TESTED IN AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL T MODEL TESTED IN STACE ENVIRONMENT 

« PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED 


SPACE TECHNOLOGY NEED 

Dynamics and Control of Unmanned 
Entry and Landing 


FORM NO. I 
PAGE 1 OF 

10 .12 El 6 
THEME /W.G./ TASK 

rE 


2. 0B|IECT^^(je technology readiness for planetary atmospheric d 
and selective lander spacecraft . and advanced STS vehicles. 


3. NEED ANALYSIS 

a) LEVEL NOW D. WILL 8E LEVEL [t] UNDER EXISTING PLANS, 
bl REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READ Y 
AT LEVEL (7] FOR OPERATIONAL SYSTEM USE BY loATE: igi^ 

c) RISK IN ACHIEVING ADVANCEMENT; 

HIGH □ MEDIUM 0 LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS; ENABLING 0 OR 

ENHANCING: HIGH Q MEDIUM Q LOW □ 

e) TASKS NEEDED; STUDY 0 ANALYSIS 0 RESEARCH Q 

GRDTEStQ air craft test □ SPACE FLIGHT TEST S 
OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE 

4 COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Heat shield technology, probe structures, 
planetary atmospheres, In-situ control sensors. 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Vehicle control concepts and hardware mechanizations 

to utilize aerodynamic conlrol In planetary atmospheres i^lth large 

unknowns If vehicle Is for other than earth). 

Naviga Ion and guidance concepts and me chanizations to autonomously 

_]*''** at selected s ites with, m inimum landing dispers i o ns. 

Navigation and guidance concents and mechanizati ons for autOMt 
earth landing. 



r- 


SPACE TECHNOLOGY NEED 

FORM K ^ i 
PAGE 2 C 

Dynamics and Control of Unmanned 

..n S 

Entry and Landing 

THEME /W.6./ TASK 

DATE ^ ill 


6. RECOMMENDED APPr.OACH/PROQRAM PLAN TO ACCOMPLISH NEED 

For given entry configurations, the development of control algorithms 


which are Insensitive to atmospheric dispersions and/or use In-situ 

sensing for adaptive path control. The development of external sensing 

(ImaQinq systems) and/or homing devices for terminal navlgfltlfla 
and path control. 


7. ALTERNATIVE APPROACHES/OPTIONS Continue to accept large landina/ 
i npact dispers i ons, Develog guided terainal descent system. 



Viking Program. Shuttle automatic landing system 


9. TECHNOLOGY SCHEDULES 


FY 


SCHEDULE ITEM 


ED 

m 

m 

ED 

CD 

m 

m 

□ 

m 

n 

d 

m 

m 

EH 

ED 

m 

m 

ED 

^3 

TASK ITEM 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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SPACE TECHNOLOGY NEED 


FORM NO. 
PAGE 1 OF 


1. TITLE Automatic Stationkeeping 


NO. 7. 8.10.9/ E 1/7 


THEME /VV.G./ TASK 
DATE_4_ /26 / 76 


2. OBJECTIVE 

To demonstrate the ability to precisely statlonkeep (six 

states) m u lti p l e non-physicaHy couplad space structuras rolative to 
each other or earth references 


3. NEED ANALYSIS 

a) LEVEL NOW H] , WILL BE LEVEL 1] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [7] FOR OPERATIONAL SYSTEM USE BY I DATE: 1988 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM 0 LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [xj OR 

ENHANCING: HIGH Q MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY □ ANALYSIS £] RESEARCH 0 

GRDTEStQ AIRCRAFTTEST □ SPACE FLIGHT TEST [x] 

OTHER (Specify) Q (Check one or more) 

f) R2<T BASE CANDIDATE 


COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FCR 

USE OF THIS TECHNOLOGY Orbital mechanics Improvements, large 

structures stabilization and control. 


< 
.• -J 
l.t 73 


O 

Uf 

< 3: 


Xu., 
c.» *r 

o Ti 

< 3 

wi 1? 

>- *•' 

n: 

o 2: H 

«U fr- 

£ U- 


• < ^ 

rij u. lu 
■too 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED fO 
ACCOMPLISH NEED 

Objective can be met through the develop m ent of sensors for 
attitude and position determin ati on, stationkeeping strategies 

(positive control) for vehicles In d if ferent or b its, and 

control effectors compa tibl e (will not Interfere) with signals 
attempting to be detected. 





OP POO 


SPACE TECHNOLOGY NEED 

FORM NO. 1 


PAGE20F 


TITLE Automatic Stationkeeping 


'.8.9,11 


E-1 7 


THEME /W.G./ TASK 

^ / 28,76 
DATE / / 


6. RECOMMENDED APPROACH/PROQRAM PLAN TO ACCOMPLISH NEED 
Staidy alternative means for posi tioning measurement systems 


capable of defining the Snllmenslonal relative antenna/feed 


coordinates to the subnilllmeter accuracy level. Create the 


capable of maintaining the position to' this same. accuracy level 


.re 




7. ALTERNATIVE APPROACHES/OPTIONS . . . 

- A laser basei: 

Initially assumed measurement system of choice. 


8. CURRENT/PLANNEO RELATED ACTIVITIES (RTOP. OTHER) 



9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Alternative St. 


Measurero. Syst. 


Con. Design, Fab. 


Control System 


Fabric A Test 


Flight Test 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 



iKiinmnrini 
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K AIRCr.AFT ENVIRONMtNT 
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PACE TPCHNOtOGY NEED FORM NO. I 

PAGE t OF 

rw-f- w in- r-Tii T n -i r n»i >i iiM» i Mr -i r *■•.% -i* .«^ v.aj> w 9»» » wwwp«w.' 

1. TITLE CONTROl OF SPINMING SP ACECRAFT mo 8/El /8 

(ARTIFICIAL GRAVITY) THEME /W.G./ TASK 


DATE_iL /-26f J6 


2. OBJECTIVE 


HABITATS AND SPACE PROCESSING 


3. NEED ANALYSIS 

a) LEVEL NOW (3 . WILL BE LEVEL {3) UNDER.EXISTING PITVNS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOG Y READY 

AT LEVEL 13 FOR OPERATIONAL SYSTEM USE BY ToAfg: 1^5 ~1 

c) RISK IN ACHIEVING ADVANCEMENT; 

HIGH □ MEDIUM □ LOW 

d) CRITICALITY TO THE ACCOMPLISHMENTS; ENABLING jj[] OR 

ENHANCING: HIGH □ MEDIUM Q LOV^ □ 

c) TASKS NEEDED: STUDY Q ANALYSIS g) RESEARCH Q 

GRDTEStI^ AI R CRAFT test □ SPACE FLIGHT TEST jX] 

OTHER (Specify) □ COMPUTER SIMULATIO N (Check one or more) 

{) Rf<T BASE CANDIDATE ^ 


4. COiVIPLEMF-NTARY TECH.MOi.OGY ADVANCEMEN FS REO.UiREO FOR 
IIS TECHNOLOGY 




VEHICLES. 







TECHNOLOGY NEED 


CofttrO;^ of Spinning Spacecraft 


FORM NO. I 
PAGE 2 OF ^ 

Mn 8 / ET / 8 

THEME /W.G./ TASK 


DATE 4/27/76 


6. RECOMMENDED APPROACH/FROGRAM PLAN TO ACCOMPLISH NEED 
Perfom analytical studies and simulations of proposed control systems. 


Design of Flight Experlment(s) (Scale Model) 


Flight Test Scale Model 



7. ALTERNATIVE APPROACH ES/DPTIONS 
Zero "G" for man In space. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 



9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Analysis 


Simulation 


Design 


Integr & C/0 


Flight Test 
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<jf3r SPACE TECHNOLOGY NEED 






FQftMNp.l 
PAGE 1 OF 


1.TITVE Autonohqu& qpera tiqns AND Mission nq.t 


Modification 


THEME /W.G, 7 task 
date_JL /26 /.ZS. 


Z OBJECTIVE 


E XTEN D. THE - A UTONOMOU S-- NAV16ATIO N- ^CH N O L ^ 


INC L UDE CAP A BI L ITY .- T a PR O VI DE ADA PT IVE -ON - «V \ I» - EEDUENCE 


MODIFICATION TO AUTONOMOUSLY REAC T TO ■RF-CElVED-SClENf.E DATA. 


•t J 
v> ly 
<A *C 
>■ ^ O 

.V. n: .. 

S:S“ 

“2D 

u§^ 

*’•1 It •** 


3. NEED ANALYSIS 

a) LEVEL NOW m, WILL BE LEVEL CD UNDER EXISTING .PLANS, 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL @ for OPERATIONAL SYSTEM USE BY I DATS: ‘|QQfll 
d RISK IN ACHIEVING ADVANCEMENT: , 

HIGH g] MEDIUM □ LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Qj MEDIUM Q LOW Q 

c) TASKS NEEDED: STUDY (3 ANALYSIS {Jj RESEARCH g] 

GRDTEStC] AIRCRAFTTEST □ SPACE FLIGHT TEST □ 

OTHER (Specify) □ ( Check one o r mors) 


f) REtT BASE CANDIDATE 


506-19-21 (50K) 


4. COMPLEMENTARY T.F.CHNOLOGY ADVA.NCEMENT.3 REQUIRED FOR 
USE OF THIS TECHNOLOGY 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 


ACCOMPLISH NEED 

f DECISION MAK ING LOGIC,. PART ICULAR LYJjULTl-J^L^ AMD, 


MULTI-STAGE DECISIONS 




4 








tis** 


^ACE TECHNOLOGY NEED 

\ 

FORM NO. 1 
PAGE 2 OF 

TITLE Autonomous Operations 4 Mission Modification 

NO 1.7,8.10.11. 12/El / 


THEME /W.G./ TASK 


DATE 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 
Study aUernate approaches using candidate experiments, bringing the tech- 


nology to level 5 prior to defining a specific demonstration flight experi- 


ment. Detailed laboratory and simulation modeling of mission situations, 
under varying levels of onboard simulated control. 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
S06» 19-21 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


a 

ED 

E3 

m 

CQ 

E3 


ED 

m 

13 

EQ 

m 

m 

Ea 

ED 

ED 

in 

□ 


TASK ITEM 
Alt. Approach 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

HB 

Hi 
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SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF ^ 


1. TITLE Low Thrust Guidance and Navloatlon^ 


NO. _1A10.I2/E1/13 


THEME/W.G./TASK 


DATE. 




76 


2. OBJECTIVE o«^iop Low thrust Guidance and Navigation Systems 


“ST 


3. NEED ANALYSIS ^ | 

a) LEVEL NOW 0 . WILIp BE LEVEL {3 UNDER EXISTING PLANS. j 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

' AT LEVEL 0 FOR OPERATIONAL SYSTEM ItSE BY loaTE: 1985 T 

c) RISK IN ACHIEVING ADVANCEMENT: > ^ 

HIGH □ MEDIUM Q LOW Q 

0) CRITIC/ClITY TO THE ACCOMPLISHMENTS: ENABLING 0 OR 

ENHANCING; HIGH Q MEDIUM Q LOW Q 
a) TASKS NEEDED: STUDY Q ANALYSIS 0 RESEARCH Q 

GRD TEST □ AIR CRAFT TEST Q SPACE FLIGHT TEST Q 
OTHER ISpecify) Q Computer Simulation (Check ona or more) 

f) R&T BASE CANDIDATE 


4 . COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY Low Thriist Engine Technology 


S. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

1. Develop low thrust navigation and guidance analysis techniques, 

2. Develop prototype operational navigation software. 

3. Develop low thrust compatible orbit determination techniques and control 

strategies. ^ 


4. Develop precision means of controlling engine thrust magnitude and 
direction. 


J 










SiV^CETECHIM>LOQV^NEED^^^^^^> FORMN0.1 

PAGE20F_^ ) 

TITLE Lon Thrust Guidance and Navt§ation Nn K9J0.12/C1/13 

■ "■ ‘ * THEME /W.G./T^K 

^ DATE 

6. RECOMMENDED APPROACH/PROQRAM PLAN TO ACCOMPLISH NEED r 
Study and select fron among a number of premising candidates, the Ion 
thrust navigation system of choice. Develop prototype nwigatlon j 

operation softnare. Ground test engine thrust magnitude and direction^ ^ 
control. ^ ^ ' 


7. ALTERNATIVE APPROACHES/OPTtONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
186-67-74 (75K) 


9. TECHNOLOGY SCHEDULES 


FY 


SCHEDULE ITEM 

m 

EQ 

ED 

m 

C3 

m 

m 

01 

□ 

n 

m 

□ 

n 

m 

E3 

ED 

m 

m 

□ 

E3| 

TASK ITEM 

1 

1 

1 

1 

1 

1 
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1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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^SPACE TECHNOLOGY NEED 


^' ?oil^VoD a cooperative rendervous and docMn; 
a "target* vehicle and the rendezvous vehicle. 


FORM NO. I 

PAGE 1 OF : 

MO 7r12 / El / 14 

THEME /W.G./ TASK 
DATE^/£/ 
capability betMeen 


3. NEED ANALYSIS 

a) LEVEL NOW □ . WILL BE LEVEL {E UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY rpATg; I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM 0 LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q MEDIUM □ LOW Q 

a) TASKS NEEDED: STUOY □ ANALYSIS Q RESEARCH Q 

GRD TEST □ AIR CRAFT TEST Q SPACE FLIGHT TEST 0 
OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY Improve ground operations reaction time 

to reduce onboard systan complexity on initial applications. 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Program must Include development of 

(1) Rendezvous navigation systan analysis capability; I.e., 
design* analysis, optimization of rendezvous strategies. 

(2) Inter vehicle range, range rate* and angle detection and 
sensing systems. 

(8) OnbMrd InfomatlOT processlng/declslon/cflnmtand structure 
technologies. 


closure and latching. 




NOLOQY NEED 


AutonomMJS Rendezvous end OockInR 


FORMNO.! 

,PA0|2Or,^j>^^^ 

MQ 7.12/E*tm 

’ THEME /W.G./ TASK 


- ■ - ■ - DATE 4/27/76 

6. RECOMMENDED APPflOACH/PROQRAM PLAN TO ACCOMPLISH NEED * 

Conduct a prograw leading frow early trede-off studies on hen^re and tech ni 

alternatives through to a shuttle based demonstration prpbabty with the 

shuttle playing a passive role and a prototype vehicle docking irlth It. 


7. ALTERNATIVE APPROACHES/OPTIONS 














|g^— — 

^»ACE TECHNOLOGY NEED 

1. TITLE ATTITUDE. FIGURE. 

CONTROL OF LARBE^ 

ARRAYS 

2. OBJECTIVE 




FORM NO. I 
FACE 1 OF 


THEME /W.G./ TASK 


DATE 1 lIL 


geowetry, mass distribution, attitude, and orbit way change n^lle In 
orbit 


3. NEED ANALYSIS 

a) LEVEL NOW D . WILL BE LEVEL S UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL (7] FOR OPERATIONAL SYSTEM USE BY I DATE: 198^ I 

c) RISK IN ACHIEVING ADVANCEMENT; 

HIGH □ MEDIUM Q LOW Q 

dl CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY [x) ANALYSIS [J RESEARCH g] 

GRD TEST □ AIR CRAFT TEST □ SPACE FLIGHT TEST [x) 

OTHER (Specify) [5 Computer Siwulatlon (Check one or more) 


f) RiT BASE CANDIDATE RTOP 506-19-14. SSOK. 506-19-13. 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY a. Estimation Filter Dewelonment: I 



d. Stability theory of mmllnear dial 


I JTTiTn CT lYTTmT 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

a. Alternate structure and array confl miration concents 


c* Concepts for efficient use of miltlple effectors such as 01G*s. magnets. 
energy and momentum storage devlMS« etc. 


d. Figure control system. 


e. Figure error sensors such as laser devices 


f. Estimation and observer theory and use of distributed sensors «nd 


actuators. 





SPACi TKHNOLOGV MfiEO 


PORMN(tl 
PA6E20F 


ATTITUDE. FIGURE. /WD STABllIZATIOW C(mm iaft 7.8.9.11/E1/lS 
.-rzzzm ^ ~ THEME mo. /TASK 


— date 


S. RECOMMBIDEO APntOACH/PROQRAM PUN TO ACCOMPLISH NEED 
a. Study alternate configuration concepts 


&tend control , estiwatlop, and ol)sery«r theory as 


e. Develop In-orbit test Methods 


Develop test nodel 


7. ALTERNATIVE APPROACHES83PTIONS 
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SPACE TECHNOLOGY NEED 

1. TITLE Integrated Power and Attitude 
Control Systems (IPACS) 

2. OBJECTIVE 


FORM NO. I 
PAGE 1 OF ^ 

NO. 7» /Et/16 

THEME /W.G./ TASK 

OATEtoXL /Z&{ 1974- 


of combined energy storage and momentum storage fly wheel 


3. NEED ANALYSIS 

a) LEVEL NOW Q. WILL BE LEVEL □ UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL □ FOR OPERATIONAL SYSTEM USE BY rpATE: 1985 I 

e) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM □ LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING; HIGH □ MEDIUM LOW □ 

e» TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH □ 

QRDTEStQ air craft TEST □ SPACE FLIGHT TEST Q 
OTHER (Specify) Q (Check one or more) 

f) R8tT BASE CANDIDATE 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY None 


< u 3 2 

fig I 

ssiis 
S 2 ^ 5 li 


S. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 


» Advanced High Frequency, High Power, Solid State Motor 

and Generator Electronics 

• Hfoh Speed Haonetlc Bearings 



OP POOR QUA? 


SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 2 OF 


■•'•TLE integrated POWER AND AHITUDE CONTROL SYSTEMS mo 7J1/E1/16 

THEME /W.G./ TASK 


DATE ^ / 28 / 76 


6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

Modify the laboratory spin assemblies for flight test demonstr 


zero **6* bearing lubrication and/or magnetic su 


7. ALTERNATIVE APPROACH ESATPTIONS 


8. CURRENT/PLANNEO RELATED ACTIVITIES (RTOP, OTHER) 


IPACS' RTOP 909-74>35? 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


A* 


Data ^lysls 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


!!!]■■■■■■■■■■■■■ 












LEVEL I. MSKPHENOMEIUOSSeilVCO MO RETORTED S. COMTORENT OR RREAOROARO TESTED IN REUVART 

OF STATE r TNCORVTORmaATEOTODESCRIKniEHOMENA ENVIROWIEHT IN THE lAMRATORV 

OF ART X THEORY TESTED RY TOVSICAt EXKRIMENT OR t- MODEL TESTED IH AIRCRAFT ENVIRONMENT 

MATHEMATICAL MODEL 7. MODEL TCSTEO IN STAGE ENVIRONMENT 

*. TERTIHENT FUNCTION OR CHARACTERISTIC DEMONSTRATEO 
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SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE 1 OF 


1. TITLE CHECKOUT. SELF TE 


2. OBJECTIVE 


THEME /W.G.y TASK 


DATE 1/J28 L 


3. NEED ANALYSIS 

a) LEVEL NOW 0. WILL BE LEVEL Q UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL Q FOR OPERATIONAL SYSTEM USE BY I DATE: 1000 I 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM 0 LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING □ OR 

ENHANCING: HIGH E MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS (x] RESEARCH 0 

GRO TEST B AIR CRAFT TEST 0 SPACE FLIGHT TEST 0 
OTHER (Specify) 0 Computer Simulation (Check one or more) 

f) R&T BASE CANDIDATE SQfi^lM4 S20K. 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY 

Adaptive software research required for self test and repair of other 


subsystems. 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 


r arrays 







®®®3DCaj FXGB IS 
OF POOR QUALITY 


SPACE TECHNOLOGY NEED 


title Checkout Self Test and Repair (STAR) 


FORM NO. i 
PAGE 2 OF 


THEME /W.G./ TASK 


- - — - DATE 4 / 76 

6. RECOMAkENOED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

A coordinated, iterated program of technique, h ardware, and 

development of fault tolerant and redundant guidance and control <ty<»pm 
for the Planetary Exploration Facility 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
506-19-14 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 





iiHiEim mm mi 

■!■■■■■■■■■■■■■■■■■■ 

IIHESL 



MANPOWER (M-Y) 

INHOUSE 

CONTRACT 

FUNDING (10^$) 

INHOUSE 

CONTRACT 


1.4 L6 L6 
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OF POOR QUALITY 


/— ' 

SPACE TECHNOLOOY NEED FORM NO. 1 

PAGE 1 OF 

1. TITLE COMPUTER-AIDED CQMTBflL .SVSTFM J^E^lfiM NO &21Z£1/19 

THEME /W.G./ TASK 

— date^JL /2a /I6 

2. OBJECTIVE 

simulation of vehicle dynamics. 


3. NEED ANALYSIS 

a) LEVEL NOW 0 . WILL BE LEVEL QO UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL nn FOR OPERATIONAL SYSTEM USE BY 1 DATE: 1984 1 

c) RISK IN ACHIEVING ADVANCEMENT; 

HIGH □ MEDIUM □ LOW g] 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH g] MEDIUM Q LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS 0 RESEARCH 0 

GRD TEST □ AIR CRAFT TEST Q SPACE FLIGHT TEST Q 
OTHER (Specify) n Comouter Simulation (Check one or more) 

f) R&T BASE CANDIDATE RTOP 506-10-13 , $75K 

4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY 




5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

(a) Extend and Improve existina techniques for desiqninq sampled-data (digital) 

control systems to select control system gains and computer sample periods. 


noni Inearl ties In attempt to obviate limit cycle phenomena. 

(c) Extend ability to specify quantization of sensed parameters. 

(d) Design computer-aided design techniques for optimizing digital controllers 

and filters. 




V ^ 







SPACE TECHNOLOGY NEED 

Computer-Aided Control System Design 


FORM NO. I 
PAGE 2 OF 


1 El 19 


THEME /W.G./ TASK 
DATE 5/28/76 


6. RECOMMENDED APPROACH/PROORAM PLAN TO ACCOMPLISH NEED 

a. Extend techniques for selecting digital control system gains end sample 
periods. 

b. Extend capability to analyze digital control systems containing signifi - 
cant nonlinearities - predict and obviate limit cycles. 

c. Extend ability to define quantization levels of sensed parameters. 


7. ALTERNATIVE /kPPROACHES/OPTIONS 


ACTIVITIES (RTOP, OTHER) 

506-19-13 


9. TECHNOLOGY SCHEDULES 


TASK ITEM 
6a Digital Gain A 

Sample Period 
Selection 
6b Nonlinear Anal 
6c Quantization 
6d Filter design 

Nodular Adaptable 
Software PkglHASI 


76 

77 

78 

79 

80 

81 


83 

M 

SL 


87 

88 

M 

90 

il 

M 

93 
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MANPOWER (M-Y) 

INHOUSE 

CONTRACT 
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LEVEL !. MSICraENOMUIAOSSCIIVEOAMOIIErailTfO L COIVOilEMT 08 >REAOIOAIIO TESTEO IM KELEVAITT 

Of STATE t THEOUVrOAMULATEOTOOESCRIKraENOIIERA EMVIRDNMENT W tHE LABORATORY 

OF ART X THEORY TESTED BY EHYSICAL EXrERIMENT OR 6. MODEL TEHEO HI AIRCRAFT ENVIflOMMEMT 

MATHEHATHM. MODEL 1 . MODEL TESTED IN SEACE EMVIRONMEIIT 

«. KRTIMENT FIMCTIOR OR characteristic OEMOHSTRATEO 


r 

SPACE TECHNOLOGY NEED 

FORMNO.I 
PAGE 1 OF : 

1 . TITLE Autenomoiw Terminal Navigation 

NO l.iO /E-1/20 

for Planetary Body Approach 

THEME /W.G. /TASK 

DATE 4/ 26/ 76 


dMionstrate ab1li 


Instruwe”^ pointing relative to a target. 


3. NEED ANALYSIS 

a) LEVEL NOW Q . WILL BE LEVEL H] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL ( 7 ) FOR OPERATIONAL SYSTEM USE BY IOATE;1990 j 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW □ 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING [3 OR 

ENHANCING: HIGH Q MEDIUM Q LOW Q 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH Q 

GRD TEST □ AIR CRAFT TEST Q SPACE FLIGHT TEST 

OTHER ISpecify) Q (Chock one or more) 

f) R&T BASE CANDIDATE 506-19-21 (500K) 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY lton«i 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

• i» ■ . .. 












omsmamsBis 

OP POOR QUALITY 


. . 

SPACE TECHNOLOGY NEED 

FORM NO. 1 
PAGE20F____ 

TITLE Autonomous Terminal Navigation for Planetary 

Mn /M/20 

Body Approach 

THEME /W.G./ TASK 


DATE 4/27/76 


6. RECOMMENDED APPROACH/PROQRAM PLAN TO ACCOMPLISH NEED 
Extend current RET program to Include a flight/ground demmstratlon of a 


target planet, satellite, astrold, or conet. Test on JO '81 or other 


suitable mission. 



7. ALTERNATIVE APPROACHES/OPTIONS 


URRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
OP 506-19-21 fSOOKl 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


TASK ITEM 
Fit. H/W Dev. 



Ground Computer 


Grnd S/W Devel. 



MANPOWER (M Y) 

INHOUSE 

CONTRACT 



.5ll.3il.6i.9 .7 .1 





















u. 


«sass 
^ M ^ S 





« r5 SSf 

S5§§ 

•i K 


< 

r» 

lu ? 

I- o 
u: 13 

u't ^ “ 

•« 4 M 

n » 

%c 
n o 

> “ 
h » 
w» H 

C^* #v 

i;s 

4 :t 

ir^ 


orvoo^®' r 


" SPACE TECHNOLOGY NEED 

FORMNOi 
PAGEt OF - - 

ltitle Extenoeo Life Attitude Control _ 

N0.1.7-11/EI/21 

Systems (El ACS) 

THEME /W.6./ TASK 


• DATE /27/ 76 


2. objective _ 

To develop the TECMNOLOfiV AMD DEIMUltfiTRATE AM fTTI-rtlDB 

' . ' ' ' ' ' ' ■ ' f 
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3,NEEDANAtYStS ruftWfeiwiT KKueiwia, j 

a) LEVEL NOW □ . WILL BE LEVEL B UNDER EXISTING PLANS. 1 

b| REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 
AT LEVEL (5 for OPERATIONAL SYSTEM USE BY fDj^“|Q^ 
c) RISK IN achieving ADVANCEMENT: 

HIGH □ MEDIUM □ LOW Q 

dICRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS Q RESEARCH □ 

GRDTEStQ air craft test □ SPACE F LIGHT TEST □ 

OTHER (Specify) □ (Check ono or more) 

f) R&T BASE CANDIDATE RTQP 5Q6~19«lf| FY 78 NQA 1 


A COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIREO FOR 

USED? THIS TECHNOLOGY MICROPROCESSOR TECHNOLOGY^ CCD TECHMDLOfiY 

W s SMEn C^ BE AR INS y D IS U A L SY S TEM t S CN NOLOCa f- . 

SOfiriSxlMJIlSOlcL^^-^ 


5. SPECIF Y TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH MEED 

V i To PROV IftP TH F SYS TEM D BS IfiN FO R I HTERPAr i N fi S KMSftRS* CO H* 



EXPENDABLE 

... — AND INCREM E NT AL APD ^ -ON -a R A&I UT X«. 

V Develop the controLt-anausis tools-to deal with euxidu 

_ — VEHi a S .-S RE SC T frr " ~-— — — 

3» To DS V ^ P A E AU U^ T O tfRANT P R O SRA NH AB LE ^^ mUDf C CIN TW LLEt 
— DETECTION AND CORRECTION GAPABILITy ;~ " H 
4 * DS VS ID R MBN T op a NA SNE T I C iSARINS REACTIO N W H EELS 

S t - To DEVELOP A MICROP R eeCS S O R- CO HTROL L ^ CCD STA R TRACNfit W 

Radiation hardening op cohponents and electronicSi j 






OIQGINAD FAX3S » . 

OF POOR QUALITY 


r 

SPACE TECHNOLOGY NEED 

FORM NO. 1 1 

PAGE 2 OF 1 


HEME/ W.G./ TASK 

DATE 04 /2S/76 


& RECOMMENDED An*ROACH^ROGRMM PLAN TO ACCOMPLISH NEED 

A program to develop the system concept and relevent elements 


of technology In sensors, actuator and control processors Including 


of the techniques 



7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 
506-19-14(ELACS 



9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 














OF POOR QUAtSTY 


(filQA^i amiDmo 

^AOP nOirl -n- 


SPACE TECHNOLdOY NEED 


1.TITUE 





PORMNO.i 
PAGE 1 OF 

Mft 1>y,>«9»1VE-r/23 

THEME /W.G./ TASK 

DATE JL / ^ 


3. NEED ANALYSIS 

a) LEVEL NOW Q , WILL BE LEVEL CS UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL [3 FOR OPERATIONAL SYSTEM USE BY iOATEi 19R? i 

e) RISK IN ACHIEVING ADVANCEMENT: 

HIGH [3 MEDIUM Q LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH g} MEDIUM Q LOW Q DePBOINB ON APPUC 

a) TASKS NEEDED: STUDY jp ANALYSIS)® RESEARCH® 

GRD TEST B AIR CRAFT TEST □ SPACE FLIGHT TEST ® 

OTHER (Specify) (JJ rnMPirrcp gtaaiATinu (Check one or more) 

f) R&T BASE CANDIDATE 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

USE OF THIS TECHNOLOGY AmNCED SQFTWfiE SYSTEMS. HIGH CAPACITY 



S. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 








r 

SPACE TECHNOLOGY NEED 

FORM NO. 1 


PAGE 2 OF 


title Robotics and teleoperators for Spacecraf t 
Assembly. Maintalnance and Repair 


THEME /W.G./ TASK 


date 


6. RECOMMENDED APPROACH/PROQRAM PLAN TO ACCOMPLISH NEED 

Increase current tel 


de de 


^ ■ 1 1 I >jp 0 <i I rf i j jj^ 


teleoperators 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVI1 

riES (RTOP 

.OTHER) 

Robotics/Teleoperator development 



506-19-32 


9. TECHNOLOGY SCHEDULES 
FY 


SCHEDULE ITEM 


I*iil 


If/r/ril 


Oely of System 


:irTiK 

lEi 


'/^f wrti y 


MANPOWER (M-Y) 

INHOUSE 

CONTRACT 


lEiniEIEKIEI 











LEVEL t ■ASICrtlilMMirilAfHBCIIVfOANOIIEraiirEU S CmirOIIElirOHmCAOaOAIIOTfSfEOIItllELEVMT 

OF STATE / IHluaVftlHMMlAlEO rODESCniHraEMMENA t NVIKOMEMT IN THE LAMflATOHV 

OF ART 1 rMfUNT tlSIlUtTAIYSICAlEKHRWIENTOR K MODEL TESTED W MRCRATT ENVIMMKNT 

MAfNE MATlCAt MODEL t. MODEL TESTED IN SRACE ENVIROMHEMT 

« KRTINENT EUNCTION OR CHARACTERISTtC DEMONSTRATED 


DIOG1KAX3 PAOB H 
DE POOR QUAUTY 


SPACE TECHNOLOGY NEED 


FORM NO. 
PAGE 1 OF 


n 


title Advanced GNEC Components for the 
STS SystCTs 


1.12/E-V26 


THEME /W.G./ TASK 
DATE_.4- /-28/-ZE 


2. OBJECTIVE 


Improve performance, operational costs, rellabilltyt 


and operating life of future STS systems. 


3. NEED ANALYSIS 

a) LEVEL NOW Q, WIkL BE LEVEL (U UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLOGY READY 

AT LEVEL Q] FOR OPERATIONAL SYSTEM USE BY I DATE- 1985 1 
cl RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM [T] LOW Q 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING: HIGH Q] MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS 23 RESEARCH □ 

GRDTEStQ air CRAFT TEST □ SPACE FLIGHT TEST 23 
OTHER (Specify) (3 Hardware Develonnent (Check one or more) 

f) R&T BASE CANDIDATE 506-1 9-U (SQK). S0S-25>07 HOSlO 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 
USE OF THIS TECHNOLOGY CCD technology, power electronics, 


general electronic technologies 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

Advanced systems will require the demonstration of electromechanical 

speed control for flight control systens. the application of new sensor 
elements to Inertial reference units, and star trackers, and new rendevo uk 
sensors to replace conventional radar. Technology advances in ontx>ard dapa 

processing system architecture will be required to Insure the optimum 
processing configuration consistant with 6N&C requirements. Such 


architectures may Involve hierarchies of microprocessors for subsystem 


level processing. 










SPACE TECHNOLOGY NEED 


TITLE 


FORM NO. I 
PAGE 2 OF 


Advanced GN&C Components for the STS System NO. 




THEME /W.G./ TASK 




6. RECOMMENDED APPROACH/PROGRAM PLAN TO ACCOMPLISH NEED 

The basic technology is now being developed but needs to be integrated 
at the subsystem level. The basic approach would be to select the 

technology to be Intro du ced (lasers, CCDs, etc.) and to enter I nto a 

separate techno l ogy de v elopment program for each component at the 

component/subsystem level. 


7. ALTERNATIVE APPROACHES/OPTIONS Continue to use obsolete technologies. 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP. OTHER) 

MSFC Laser Gyro Program; JSC Electromechanical Actuator program. JSC 

Advanced Orblter/Systen Concept Studies. Ames/JPL VIP tracker develop 
ment: JPL RTOP 506-19-14, CCD Tracker Dev. 


9. TECHNOLOGY SCHEDULES 
FY 

SCHEDULE ITEM H ii 21 li *2. il H 
TASK ITEM 


ESQ][303QE3[1E1QIE3^C]ES| 


EM Actuator 

APy^IMU 

R DZ/Docking 

System 

ADV. DPS System 


CCD Tracker 


MANPOWER (M Y) 

INHOUSE 

CONTRACT 

FUNDING (10^$) 

INHOUSE 

■ CONTRACT 


1 6 7 5 3 

TTTTT 

jlI 

^ .5 1.5 3. 1 





LEVEL I •ASIcrHINOMruAOMSCRVlUANOIIfrOIKfO ^ CMmMHNTONIIItAOMMNOTfSrfOIRaUEVMIT 

OF STATE t •HiimvilIRMUlAIIU lOOESCRIICrNIIIOMENA {NVIROMIEHT IN THE lAUHATOKV 

OF ART 1 IHtURr ItSIflilVfMVSICAt IHKNMENf OR » MODEL TESTED IN AIRCRAFT ENVIROMIENT 

MAIHEHAIICAL MODEL 1. MODEL TESTED IN STACE ENVIRONMENT 

4 RERTINENT FUNCTION OR CNARACTERISTICOEMONSTRATEO 


or POOR 


SPACE TECHNOLOGY NEED 


FORM NO. I 
PAGE ! OF 


1 . TITLE Dynamics and Control of Manned Aerospace no 

Vehicles theme / W.G. / TASK 


OATE^i /U/2L 


^ the flying qualities of manned aerospace yghiclg^ 


3. NEED ANALYSIS 

a) LEVEL NOW [D, WILL BE LEVEL d] UNDER EXISTING PLANS. 

b) REQUIRED ADVANCEMENT - SHOULD BE TECHNOLO GY READY 

AT LEVEL 0 FOR OPERATIONAL SYSTEM USE BY I DATE: 1 

c) RISK IN ACHIEVING ADVANCEMENT: 

HIGH □ MEDIUM Q LOW 0 

d) CRITICALITY TO THE ACCOMPLISHMENTS: ENABLING Q OR 

ENHANCING; HIGH 0 MEDIUM □ LOW □ 

e) TASKS NEEDED: STUDY Q ANALYSIS 0 .RESEARCH 

GRDTEStQ air CRAFT TEST 0 SPACE •= LIGHT TEST {xj 

OTHER (Specify) Q (Check one or more) 

f) R&T BASE CANDIDATE 


4. COMPLEMENTARY TECHNOLOGY ADVANCEMENTS REQUIRED FOR 

INOLOGY Speed aerodynamics; aerothermodynami 


USE OF THIS TECHNOLOGY 
onboard command processing; in-si tu sensing. 


cs; 


5. SPECIFY TECHNOLOGY ADVANCEMENT REQUIRED TO 
ACCOMPLISH NEED 

A ctive control technology and handling quality advancements in lifting 
bod/ reentry vehicles. 





CnUUlNAB PXGB IS 

OF POOR OIIAT.TTY 

f 

\ 

SPACE TECHNOLOGY NEED 

FORM NO. 1 
PAGE 2 OF 

TITLE Dynamics and Control of Manned Aerospace 

Nin 12 El 27 

Vehicles 

THEME /W.G./ TASK 


DATE 4 / 27 / 76 


6. RECOMMENDED APPROACH/PROQRAM PLAN TO ACCOMPLISH NEED 
Analysis of control configured vehicle concepts to advanced shuttle conflgu - 
ratlon. Advanced control theory concepts and cotnmand processing techniques 


to improve the control of the vehicle dynamics in manual and automatic modes. 


7. ALTERNATIVE APPROACHES/OPTIONS 


8. CURRENT/PLANNED RELATED ACTIVITIES (RTOP, OTHER) 


9. TECHNOLOGY SCHEDULES 


FY 


SCHEDULE ITEM 

m 

ED 

m 


m 

ED 

m 

01 

□ 

13 

m 

m 

m 

m 

m 

ED 

ED 

in 

m 


TASK ITEM 
Advanced Orb. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Concepts 

m 

■ 

B 

■ 

■ 



i 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 



1 


■ 

B 



1 









i 




Control Analysis 


■ 


■ 

i 



i 

B 

B 

i 



1 



i 






■ 


■ 

i 



B 

B 

B 

E 



i 



B 

B 

B 


S/W Development 


■ 






B 

B 





B 

B 

B 

B 

B 

B 




■ 






B 

1 





! 

B 

B 

B 

B 

B 
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■ 

B 

- 

a 

B 

i 

B 

B 



i 

B 

B 

B 

B 
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.5 
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1 

2 
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CONTRACT 
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1 
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3 

2 

2 
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FUNDING (10^$) 
INHOUSE 

.1 

.1 

.1 

.1 

.1 

.1 

.1 
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L CONTRACT 
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level I. aASICPHEttOMENA OBSERVED AND REPORTEO S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

OF STATE 2^ theory EORMUIATEO TO DESCRIBE PHENOMENA ENVIRONMENT IN THE LABORATORY 

OF ART 3- THEORY TESTED BY PHYSICAL EXPERIMENT OR 6 MODEL TESTED IN Al RCRAFT ENVIRONMENT 
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